including natural Foxp3 + regulatory T cells (nT reg cells), mucosal CD8αα + intraepithelial lymphocytes (IELs), invariant natural killer T cells, CD8αα + natural killer T cells, CD4 -CD8 -double-negative T cell antigen receptor αβ (TCRαβ) T cells and subsets of TCRγδ T cells. Together these cells form the 'eccentric gang' of self-reactive thymocytes that do not seem to follow the rules of conventional thymic selection 5 (Fig. 1) .
Some of the early experimental framework for the clonal-selection theory of T lymphocytes came from the group of Kappler and Marrack, which demonstrated that recessive tolerance could be established through clonal elimination of self-reactive T cells 6 (Fig. 1a) . The negative selection idea was further fueled by observations made by von Boehmer and colleagues indicating that conventional thymus-selected αβTCR-transgenic cells specific for the male HY antigen (HY-TCR), are absent from the thymus and periphery of male HY-TCR-transgenic mice 7, 8 . The overall concept of thymus selection took further shape with the incorporation of positive selection, in which immature thymocytes that recognize complexes of self peptide and major histocompatibility complex are selected for further maturation into conventional naive T cells specific for nonself antigens 9 (Fig. 1a) . The view that T cell 'education' in the thymus initially requires self-recognition further postulated that the signal strength of this interaction is the crucial factor that determines the fate of the maturing thymocyte. Consequently, highavidity interactions would lead to activationinduced cell death, interactions of very low avidity would lead to death by neglect, and intermediate signal strengths would permit the maturation of conventional naive T cells (Fig. 1a) .
Eventually, however, it became evident that the clonal-deletion theory was not allencompassing, as inconsistencies surfaced that challenged the recessive nature of conventional selection. In seminal work using animal models of autoimmunity, Sakaguchi and co-workers indicated that in addition to self-reactive CD4 + T cells that could induce autoimmunity, there are also thymus-derived self-reactive CD4 + T cells that are crucial for the prevention of autoimmunity 10 . These new observations provided some of the initial support for an alternative, dominant self-tolerance hypothesis, which postulated the existence of a pathway that preserves and promotes the differentiation of thymocytes bearing TCRs with strong affinity for complexes of self peptide and major histocompatibility complex (Fig. 1b) . The intrathymic alternative lineage commitment of these selfreactive thymocytes during this so-called 'agonist-mediated positive selection process' diverts most autoreactive thymocytes out of the repertoire of conventional naive T cells (Fig. 1b) . The most compelling evidence supporting the dominant self-tolerance hypothesis has come from various transgenic animal models, in which mice expressing a transgenic TCR together with the cognate antigen in the thymus fail to generate conventional TCR-transgenic T cells but generate ample numbers of thymus-derived TCR-transgenic Foxp3 + nT reg and/or CD8αα + IELs, depending on the TCR-transgenic system used and the tissues analyzed 11, 12 .
Interestingly, using double-transgenic models identical to those shown before to generate self-specific Foxp3 + nT reg cells, including the AND TCR × pigeon cytochrome c and the OT-II TCR × ovalbumin double-transgenic systems, Craft and colleagues now show that some self-specific thymocytes also divert toward an nT H -17 lineage 4 . It could be argued that the accumulation of self-specific nT H -17 cells can be explained by a greater resistance of those thymocytes to clonal deletion, as suggested before for the agonist-dependent nT reg cells 13 . However, using the same double-transgenic system used in the agonist-dependent nT reg studies, Craft and co-workers show that TCR transgene-expressing nT H -17 cells are higher in percentage as well as in absolute number in mice expressing the cognate antigen 4 , which would indicate that exposure to self agonists in the thymus promotes the actual generation and differentiation of self-reactive thymocytes. Because the generation of T H -17 cells and Foxp3 + cells is reciprocally regulated 14 , it is possible that the reported lack of an agonist-dependent increase in Foxp3 + nT reg cells in the double-transgenic mice might have been due to an alternate conversion or revision of self-reactive thymocytes to the nT H -17 subset. The striking direct correlation between the differentiation of these self-specific nT H -17 cells and TCRcognate ligand affinity further indicates that the process of differentiation of thymocytes through agonist-driven selection crucially depends on the high-avidity recognition of self antigen (Fig. 1b) .
The fact that all specialized self antigenreactive T cell subsets depend on agonist selection for their differentiation suggests a developmental relationship or common functional purpose for these cells (Fig. 1b) . However, they are by no means 'look-alikes', and, therefore, in addition to high-affinity interactions, other factors may have a role in driving the differentiation of each agonist-dependent T cell subset. It is notable that the nT H -17 cells described by Craft and colleagues are generated under the influence of the same agonist that drives the differentiation of Foxp3 + nT reg cells. Furthermore, they show that the nT H -17 cells depend on transforming growth factor-β and IL-6 for their differentiation, which could indicate that these cytokines might have a crucial role in the balanced differentiation of nT reg and nT H -17 cells in the thymus, similar to the peripheral differentiation of these subsets from naive T cells. It is not known which cell types provide these cytokines during thymic selection; however, we have observed in vitro, in the presence of transforming growth factor-β with or without IL-6, that thymic dendritic cells have the unique ability to drive T H -17 differentiation, whereas they fail to induce the differentiation of Foxp3 + T reg cells (D.M., Y. Park and H.C., unpublished observations). This would suggest that selecting and accessory cells in the thymus might serve a key role in driving the differentiation of specific agonist-selected thymocyte subsets.
In normal conditions, agonist-selected T cells, although autoreactive, are not autodestructive. Consistent with that notion, Craft and colleagues find that the AND TCR x pigeon cytochrome c double-transgenic mice-which have larger numbers and percentages of nT H -17 cells-did not develop signs of autoimmunity even when observed for more than 1 year. This is probably due in part to the presence of a substantial subset of nT reg cells in these double-transgenic mice. Nevertheless, in addition to the Foxp3 + nT reg cells, almost all self-specific agonist-selected T cell subsets, including the CD8αα + IELs 15 , show some degree of regulatory ability. Consistent with that, Craft and colleagues show that the transgenic nT H -17 cells provide unique agonist-dependent protection against inflammation-induced liver toxicity by secreting IL-22. It is also possible, however, that in inflammatory conditions, selfreactive agonist-selected T cells modify their protective function and instead contribute to the proinflammatory responses 16 
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autoimmunity and self-destruction. In summary, the nT H -17 cells described by Craft and colleagues underscore the importance of the 'selfish' thymus not only for weeding out self-reactive cells and positively selecting cells with intermediate reactivity for self but also for the critical shaping and 'education' of 'earnestly' self-reactive T cells that contribute to the establishment and maintenance of self-tolerance (Fig. 1) . It is clear that the identification of these T cells brings a new appreciation of thymus self antigen-mediated selection and underscores the need to refine the foundation of concepts on which immune tolerance and adaptive immunity have been erected. T he detection of invading microbes and initiation of innate immune responses, including the production of type I interferons and proinflammatory cytokines, are critical for the host defense against infection. Of the different kinds of microbial components recognized by host pattern-recognition receptors, nucleic acids stimulate the innate immune response by one of several pathways. In addition to the Toll-like receptor (TLR)-dependent nucleic acid-sensing system, cytosolic nucleic acid sensors-especially the RNA helicase domain-containing proteins retinoic acid-inducible gene I (RIG-I) and melanoma differentiationassociated gene 5 (Mda5), which respond to different types of RNA molecules-have attracted much attention 1 (Fig. 1) . As for DNA sensors, DAI (DNA-dependent activation of interferon regulatory factors) and AIM2 (absent in melanoma 2) have been reported 2, 3 . However, DAI-deficient cells and mice produce near wild-type amounts of type I interferon in response to cytosolic DNA, and AIM2, although able to bind to double-stranded DNA (dsDNA) to induce the production of interleukin 1β (IL-1β) via the inflammasome, does not trigger the production of type I interferon (Fig. 1) . Two new studies, one in this issue of Nature Immunology, by Ablasser et al. 4 , and the other in Cell, by Chiu et al. 5 , have identified a previously unknown DNA-sensing pathway by which RNA polymerase III efficiently triggers the production of type I interferon by transcribing microbial DNA templates into dsRNA containing 5′-triphosphate, which is a potent activator of RIG-I. The two studies thus independently provide new insights into the molecular mechanism by which cytosolic DNA triggers the production of type I interferon.
Although previous work has indicated that induction of type I interferon by dsDNA in mouse cells is RIG-I independent, other reports have suggested that cytosolic dsDNA and even nonviral pathogens, including the intracellular bacterium Legionella pneumophila, can induce the production of interferon-β (IFN-β) in certain human cell lines via RIG-I-dependent and/or signaling adaptor IPS-1-dependent pathways [6] [7] [8] . However, precisely how microbial DNA could activate the RNA sensor RIG-I and why dsDNA-triggered production of type I interferon is related to RIG-I and/or IPS-1 in human cells have remained big questions.
Ablasser et al. approach these questions during a functional investigation of recognition of the single-stranded RNA paramyxovirus Sendai virus by known RNA sensors in 293T cells; unexpectedly, they find that the control dsDNA mimetic poly(dA:dT), just like Sendai virus, fails to induce production of type I interferon in 293T cells in which RIG-I or IPS-1 is silenced. Ablasser et al. next demonstrate that poly(dA:dT) activates RIG-I-dependent production of type I interferon through an endogenous RNA intermediate, specifically a dsRNA containing 5′-triphosphate that is present in the cytosol of poly(dA:dT)-transfected 293T cells. Inspired by other reports in which poly(dA:dT) has been used to study promoter-independent transcription by RNA polymerase III, Ablasser et al. successfully identify RNA polymerase III in the cytosol as the enzyme responsible for transcribing the poly(dA:dT) DNA templates into dsRNA containing 5′-triphosphate, which in turn activates RIG-I and triggers the production of type I interferon. RNA polymerase III normally transcribes 5S rRNA, tRNA and other small noncoding RNA molecules produced from specific promoter regions in the nucleus.
Chiu et al. use a different approach to look for the cytosolic DNA sensor responsible for triggering the production of type I interferon. They also identify dsRNA containing 5′-triphosphate as the interferon-inducing RNA intermediate in poly(dA:dT)-transfected cells. However, they then develop a cell-free system to generate interferoninducing RNA from poly(dA:dT) using cytoplasmic extracts of human and mouse cells. 
